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(54) FUEL CELL POWER GENERATION SYSTEM 

(57) Abstract: 

PURPOSE To ma. e a . 'stem compact and to improve 
pcvvsr generation efficier y by using an interna! heating 
type fuel reformer for reforming a materia! fuel into a 
fuei gas primarily consisting of hydrogen, and by 
providing a hydrogen recovery regeneratcr for recovering 
the hydrogen in the fuel gas exhausted from a fuel 
e'ectrode and for reutihzing it 

CONSTITUTION: A material fuel 1 is mixed with a steam 
guided from a steam separator 18 by a mi<er 3 and is 
heated by a heat exchanger 12 After the air 9 is 
pressurized by a compressor 8, it is heated by the heat 
exchanger 12 The material fuel and the air are guided 
to an internal heating type steam reformer 4b and mixed 
together and are converted into a fuel gas primarily 
consisting of hydrogen by means of partial oxidation 
reaction and steam reforming reaction The mixture is 
fed to the fuel electrode 7 of a fuel cell mam body 6, 
and is reacted with the oxygen in the air 9 flowed in an 
oxidizer electrode 10 by the compressor 8, and a large 
part of the hydrogen in the fuel gas is consumed to 
obtain electric energy and to produce water as 
by-product The anode exhaust gas discharged from the 
fuel electrode 7 is guided to a hydrogen recovery 
regenerator 20 to recover the hydrogen not yet utilized. 



The hydrogen thus recovered is returned to a fuel gas 
line again and <s cycled. 

COPYRIGHT: K C)^9i JPO 




<i9)n*HM«FJr (j p) (is) ^ Iff) ij# 3^ $g (a) (umnrnwAmim 

>&ffi¥7- 57756 

(43)4>BHE ^feE7*f.(1995) 3 /1 3 B 

(5i)int.ci. 6 rrft&m&H f i 

H 0 1 M 8/06 B 

R 



*3fci»# mX&<D&4 OL (-fc 6 fl) 

(21) m«#+i ftKTS- 196235 (71) WBIA 000003078 

(22) HUBS *j£5*F(1993) 8/360 W^UHl/MIKTlj^iSaiiil^** 

(72)#9i# BE * |* & 

(72)«9Hf « 7C I $ 

(72) 0 hi « 

(74)WSA ft* (it 3*) 



(54) [«lJla>fc#] lS*M*vXfA 



(57) [^j] (^iF-^f) 





1 



- .'^itr<<^,'tr.^ \ '-a-v.^ 7AA: r ■■:> tf*S '■■ . 

hA 7^ >>:ft l : m , A/-. 1 rte*7i L . A l'i 7 > i '-.^ 
*4 # </ ' ffWh '<:\?^ "A' " . 

fA77^^A'/>M : .,7 Of:^./);;-::^/^^'^^^;:.]: 7 ^ 

SAv f!A:7&K'xA::Avoii Z> - t '-A^ ^A 

/k-&*A MJKU fftf&L /j'^^/iir^ 5 ^MWfA^ 
tt A 

5ir:i A> AA l^AvM fA^A -v A/^ . 
Hfj l'i W ^ ^ ^ > f1=; ni ^ ^vi: r^'j rt^ < c: j-l s ( £ 

m^^m: r A 

A 

[.tf.KJA l ] ^#MiKftfA^A, AA7 1:^^"^ 
?|J jK i' > <K ^ f ' '] W EG * * * j" L . - V ^ f > [" ! IU A M \ «! LV t 1 

-ri v?.fi«(~, ftk v^'t : -i^ft;^ -*;^£-kaa*-;a i^a^u 

l 0 0 0 1] 

[ 0 < » 0 'A ] 

^■m / < : ^> 'i =V-i:. <:>V<in t I ^HvUte-^^i 

oil -i 




f> 7 / T) ts 



^-^■^^titJ: OCL ^. > 5. '^^Vli ,-:.('. 

- > -v y • - rc^v'i'v. > ^.o. ; f ,■ mj v ^ vir : ' - u L 

[(loo ] ] >; : ^ - '.i^v^v .^-!- ^^i-vtiMi; i 

w.. • v. ; l^flft:.^ii f'f ^ -/'i: f^'? ' i ^ ^ ^ 

■r ; r?/> , -'■+?-. ^Tiu. ^rt:<j"^:-^^ (i. po , fr:;.f: 

iiKK) 5] l:,iLlc^lE;'^tif{i. #r['] p p m p p m f V: 
-'ff^'^tKViJc //^r ftA T-^ o . i ^^vavitc-^ri, I'M *u& 

|L:.»K't \ tt!ffi1:?;l£i -u ^ c l t- 

[ o <> u 7 ] | f :JL*'i:*ii '-7, f-^.e+l- l (t, ^{t./^-^ 4: 

30 -^>^-|>^il., 3 5 0 - 1 0 O'Ci-ttlgi^Jl 

'J (i«A^^i-£>c f:^«iWt^S ^ "Til. 

;';.ji.r:ii: ^/x>>l^L i> ti.;«:fftoii.. ::</>] us 

[ n o o 8 ] wt^ii ttwm* i i t. ^^3-?^^ 

— 1 :^w^> f-il'^/jtJii Tl ^ /.^-^li;i. iitS' 

■10 :'lt 3 0 0 -15 0'C*'i^6\ i&fj'l? .'v.: 1 "7 U 7 0 

0 ^8 50 C^'lCWvir^ f. ^-^ .7,,v ;/ ^-1" -7^ 

■W .t'-^-^^L ^S^^^^^-'.fi^L 7i 
[mo 0 9 ] OfcKoii ^:^t-4;V.<rt, 7 ^teW:^ 



1 



5 'j^,Wn-^n?\m\-t?'< A:7'.. : :: 7. '> t ^ 

L' i'-:v.\.r. ' .jftWfc 7 Jl£ t. "I**- ! - I 

-7'*ff ; o 

[o o l o] r .ii./-'C**^ •' 7. > ; ; . 

--• ; / i s ; '. J. tti.fc'fc l o ,'7^: I . « 7' -A. 

9 ■ 1 1 J'.>tiiz-& u f[± \, ' t: '/■ n'j . Ax7 ^ L. , ;/ . '>k : : -fA-An 
ft ^ i ' YuA ■ - ' - -A Ac I , ^'^ i; j':;t-7. 

[0 0 1 1] Mfr ('>' '—!") 7 ^^ojii7 l i j^-fi /:. 
■^^^ff 1 -P-J ' • - I t*+fx\t. t.^A^A^ 

1 ,o, i i ji^iSit Z.\: j<--(i, /i ' -tf ■ - 8 

-trAii. 1 -stftmw .b. L "~ f JM3 A ii 5, 

^-1 1 ^^f7 l M£it/7 f./4,^i-,^L'^ 'Ml. 

2S-g^fe, ^flfiftvl 3 f. V^^i' . ;>ic 

i^vA:#-Mltr^Aii^ *M^i'A: fM. A;-] 

7 

[0 0 1 2] «*ifmrfi.^(^6^»r : .{#::i^ii.^_/fTi3!K{t. 

it. '<l ^'ism%* l 8(i^-ii. .>KA;vA'A(: V8t^ii a. 

fA<5 .-0^](7^^^:|j^iL ^ t l/;i. ^#;<UA. il^'r^ 

Au&l -l c^oiu t'.iVuSH WAf '.^'Jill £ it A, 
[00 1 3 ] 

[oo i 4] ;.7n th.L &ft.MLA/^H 
-r-^o-: j K n^itt.^v.L&sr^w^'tt/ua; Clou- 

»3 o 0 C) C.^it 5& r Hte$Kli* l^tfuto/fil n 
A;^'^(iftf{H- AcO"7\ ^I'^W^ft^nuf 

mit£iitUfUC^£\ \ ' il ^//^ a-77i 

'J^'^t: • fft^ftV'^M 1: ;Vo-i ^ ^>.. £ :,(:.. 7^1 
^.I'iJt i> b (7{ t. -^iU^^J^tw 

[0 0 1 5] ?«-!7, ^^vO^#!^^^^l^^^^- * 
CnHm + nH! 0 ^ n C 

C.,i^^^#fi^, ] 1 A "-.-oil ^^fL'/JL * 
CnHm+ 02 

r-£*) i;u 7U;;,^r i' 'fN^^^-f^^rL , 7i, .7/- 

^ iL: fn-j - to fx i : ■ 'Vi- f y S " ' - Y ( ' i ;"' i . » -U" -I, & R '7 ^ > w , 
[0 0 1 9] ^vft^:: VA;7{1, ftt-fL f -< ^ ^^Ir^^lW 



* ;t, ; +\-M •/> ^./^ vO u i 'it f x '' ; 7 (^^^<i/7) (i^¥:^-^ 
■? W:t ¥ M:(^ i: ™ .- • • "' '-^r , " :- 7 l - \ t 

■'jo* 71:;^ fi;^,'.;:::;^ ; - 77.--, ^ ft V ^ VW 7 

: v ; . ; r ^ .7 , ^ j - ^ * j ^ • v 7 
[00 1 * » ] 

^^•7- V^i-.A:. ^ ^"\t% m , --1 :^ - '^7 ^ > th 
•V ^ i 7 u 1 ^ K--t- ^ & i% \ft t . 7 ,^6iVii^m.rMM **; L' 

'<i<^ z-iMirr t , mmmnz^{^\ l ^ ^ 

L . life: cS" ^ic/:.^t^:^ ^^^fUrtii^^t-H^ ' 

u ^' \r ^ . mtd&ni&n fts>mfcWm*ho?A: ',/{?■) 

I-^IMJ I. ^^timrtH.t , mMdi&?X^W t Mum: 

u . f^^, hlf/L, IJ'jVffiL, ^/A 
M7r !, ^HWn-^tf ^: , f|iln^^l^. u fV:,..: -*;["! 

wi t'ALttl t L , Ifr/ffi ^i' Ti +:^f^^*-^U 

«ti : ^^^^A.^o . mj^^w-^^^^)fi7 1 ; L ^o# 

ii ■.v:^^:ftHt | :-t 
[(to 1 7] ^^[i)jc 1 ^^* : ^r!r>++!X^vK . ^ 

^ ^ I i , *W ^ V tn«*+ ^ t 7 iife ^ ^ 

^l?^{^^HMfR^c7.^*,+^ff^{j? I, 7. t . o ^-,17. 
^-*^rt5 fj » iJN 1 1 i ^ i l L ^ -' 7 ^ 1 1 J ^ • *r ^ l»\U . t*i f 'J HI 
-J- -2. * ^ t»l ^ } if 't ^ « * ■ -Pr ^- t * • # i» -h -M- c 
[00 1 y] ^^"'jco^4fvii^i-^»ir: <-7^^fS^^:e 

[fL l ] 

0+ H2 ■•• (I) 

n C02 ^m^2H2 0 ••• (H) 

71, ^^ +-^^'^^M^EUr7 if.': m J i- N 1 



7 6 

o-tI/:fe^.-tm ^7 >/^p ^t^:^i. : <f*ij— ?>. ;>(:ii, ' ' • - i p;^ ' ^v^i^f-^ 1' ^ 

[ n i) vd] - •*. VP;^A 07: -ffy-Vr. /"^^ 7 f i l " * : i. 7 \ 

2. ViV<7<.< -t 4^/)^^fu^/>-er^+u^u vv'^' ^ :t*/ 1 . [0 0 2 7] : -'^Mfr^V t "I, / : ; ;_ *^Pj2>r ; *,,- 

;.'; f y; v.\i<\ r > 'l> - 1 1 " P > ^P; 5 ^ m.*m V 2 ':' -P MCrttl^rVE: "' ' 2- "7 I . " - ;• V ' * ' . p(2 

->\ . " ' ,v! "7> .1 P 7- ^ o 7 •> i. ; I <t ' '7. ^ -tfMi)7 {*pp ^ (ft- P ;;, 77*;. (7 fc / pn;:^ 

V : . '^iii'.^ 7, P . • ^ ! > P a 7c V >. : ' -2< K\Z >f '> f .M/ -'PU 1 i : W P 7.-. t. ^ -/^'-.Pr' 

-? 7 .'>;-; ; .: : 7^ -P'^ ^•itC-tt 7 7 V^f > -^l ."T 'pPJ ; H 7 - u - ' * , ^^i;,; : -7 " u v- 

^A7>.u;.:2, 'M-n'i' ]. P PY~tt(*.<P77 7 * 7 ' ' P\ ; ^ 7. 'C-PP t.^-M-TO'J P 2 ft;;'. -:7<^L 

; ■/ '>u 7:t4 7;'. V o *c - ^ h v ''^ *r '^"7' * 10 '/;^ f I "I * 7j l l\\r. . '/7i +. f V ^ -L * t 1 / ; t . 

7*ffj^>»fi^/cf.^'i.-fi>ti 7 h >>• !-:lln-J ^-l-^iifeS-KK N4'^ fK^dMrt.T'-^ =:» 1 . ^(7. tR 

tlf*ii|sf:^.-<^'li. '^^^•-ftiii-'Ti^r*.. iP«(±/£i^- *fr_, ^^^M*f'J-: till J: 

[0022] t;t. ^m^^t^n-^in'Oi^n^ r >Wi z. +.w&i&;Tfoj>f&m~£ ■■■r. ^• i 3.^^^'t^*ji^i^ 

^wU^tl, 7>^(7 5 5 0 XT'. I.(7ftljp-: A- OtO-7\ i'i'.e :> J J'^->l> t t:'--. ^^fVUm: ^'-2^t3'j^> J. o 

^'ir-^tii-o^a^iiY^r. t ^i^fi"teW^ r > ft'^'l- {i:.[7i|L.^^^' : ^l l 'r.^^<ii--»-!. ' t l| {t^-r 
{'-■JJH*J-»- :7 7 ^ -V- T .\ L/:;V->-7\ >:^:^^ (I.N 

^■oh!tff7t7^ 7! . , '.J: -:'l'.5 p pmfV'JL^IilK; [0 0 2 0] => ^ u I r ( t . I. in N 1 

t i r ' I i 7", ^ W I <\ f I . ""T J t , Httift^lS l-'h .r, Vim \ 1 4. 17 A 1 0. f> . 1. a \ 1 17. I.a\i4.7 

7 ft V* ."5 . HX » . ^trVlL/fL^Vli: A 1 O. :< . M^2 N i . C X ) 17k 1 i I o0.9 Mn 

■■''-'J-^fL, Wj^^t: 1:i , ^ / f ' /rl/ - *: 0 1 . F Hi Oil i 0. 96 / r 0 04 \ b 0. 04 A >> 7> f r >^ I 

^--Ao, -7.;^. ■l-*#¥flin^ r »/J-»^l * I. in \ i^ ; >,^ CaNi 
[ 0 0 2 3] 3:Vf-. t?-^Vl£rtti^^E: < -2.(±, 42* f J • 30 17, J- o 0 94 T 1 0. 96 Z r 0 04 N b 0 .04^ *: »fi I >i 1 t;f . 

[0 0 2 1] z^l --»(:., 4-^^3(7i. r.mimHU^m: V^r^V:^-7>^.^^ L"7l;t, c a X 1 ir^^V(± Li O*. 

^^2,|-t, iN^A^'^t^iife Steffi i^fH » 1. 1 (7 J: 0 , fV;:i£ L fil ^ffij^»5^fl-t:..l. *) 3S}L'^ii-t>--^ 

* 'J - h -^fr-J- :>c -r^»r> c 1 7^, i.md-: 1 /7 ,«. ^ v 

[0 0 2 5] I ^l. /cr.b, ^S^A^^t-^K^W 5 -*-^: ^ - Mmlt • ' 7 ,,. < v n 
A'^^&l VKi^ -t-;. ( [ 0 0 3 11] 

[(»0 2 6] - e^l-Vli;^!; 8 n ( \J7 ; 0. t IMfcW] ^^fih/^t.^im^vU- -2,2r'i;#t: 

■ 7 I v j > & H ■ : P ■ M ^ T U ^ f J "~7 > > u l ho , / 40 fM-. ffd r[<][f!- ^-^^ L- >- >, ^fl'j-P^^ 
— I' i^t-H**) ^Pi:.^-f *' 1. — I r [0 0 3 1] L<i 1 f;t, ^^s h 3^;*M1l^I^-^.; - 7 >-7^ 

^ u"7 ^ * iSc ti 'It" ' - 7. 2 >^ ^- ftt-^i'f I ^ oilT I I- 1 2>^»1l. " ' - .7 ( ^7 , K'^H 1 

^rf^CJljl 7^ti' ; ^f^(tlM#^77^> *» , f^ r M ) (i, 7'^ lf m^ 1 ^ 7 -7. ' f ? V>.> o ^^^3(1 

1 1 Hi • T LtCi Vi 'it 1 7 fP^2 -t" •;:> • J ^ i.-l ^">7 2 - 1 2> . r < v : ---2, ^--:r7- ) Jt:(ll 

^•7 L ^io, /— f-fJj;:tf;ML|i, '^^-^ 7 7- : ■ ■/ u ■/ - s -r /J.i/ht<£, ^-ifk( '.^^^^ 1 2 T>J.I#\ ^ 

'.^,^7^7, :.r. T-f'^^f, ^^MtdKetK'lx ^. ^ c ^i'7-7^ / M ;7-:^'^i?M bdVIA • ^ 

l a : i,.^'^ -^{T\; "-"-P 7 7> '\ :k^: : :V 70 P, ^' ^ P V t "P 7> ^'•■■r ^ i " Afc e i L 7> , fwfV^ 




<'\- u I -T i "t u . :>M -i (»U - 5 « n ( ,n K \ \&k% 
0 - 1 0 k k c m- * f; ^>M-:>j, 3 <) (i 0 - 5 0 0 0 
fv'tOGH S \* (Cast- .-.;s li > : v Sp. : - ■.* YVN.eC 

v ) , o 2 - o . r> u. /»< > c (f&^- - : ) 

[ 0 0 3 2 ] MiiU f £;f, -i ■ f: t : v^' MtMift- £ 
,?[.^LW;/i:J;vtti^^:^(' =. -/•-:-. j 5 o o C 

,1 !. .t "J" I. 1 ^ //i ill-.. V '••/' l •")(:, M >,MAi 

tit. t& * ->"- ^ ^> fc^fft^ 3 ft ^r^ 0 ^ ^ '/> ^ 

-* o. 

[ 0 0 3 3] iM#^^^&^&!# 1 bit, K$tlkJ)& 
f ^m^r.-^!. - fcr--r.i- *, t <^^^^« 

5C.fi. ^iif+jQ-Ctl^t'itiiiiteW. 
[ o o 3 i ] iv.i m : mm ^«;»> ^>*W4< 7 c£.*. 

[0 0 3 5] ^^["I^^Pt:^^^ Oil, -*;^J>j$i>fc*- 

ore) i -i^mjc, i^.b'ix^^mw wio -i-d c 

/KcoMii>Cit^»L , ^Hi^'^^C.ftP5^i-i.cr»-r;\ 2 

±Sfiu r- " a — v; f c.|g^^^^if<^ cr m ; . t ■> 

-Ui srST.t: . .+:+^Sftlt:^>0ll • ; If h'J^ ; *'- 

^,iSV]V, .-;> /. l ;;^.-T;> r,, ^ hl^: Ti «: 7:. *) /> ^. 

^"^i^iiKo fci ^ .'"L';^^H;|:t\ ^ii'r*" 1. 

^ ■"■:> * L : 3*-T /- u .•; If, I- a N i 4 f> A 1 (>. 

^ 'Vj^f.'.-^Uf , '-K^f-ri-T" 0 . ] »i t nii',!^/' ts-^M* 

'> >-^-^> '^^-r-o^^A-ti \'_ ' ' i fli^.^f 
i'ii^^-^^-YCIf , ^ai^^-if-'-^^cj;^ 

(La) v ;-v^.-- (Mm) ^ : > ^ , ' - l ' ^. , 1 . I. a X 
i" . MmX i ,'>^-i>C.;f, \ i - r ' ^v-O^ j'— ■ 




.'»■-?■ ^f : :,^^i l o ^wV^diS^. i /it .-r- ' :^ 

[ 0 0 3 7 ] k-ftft-tt. h,.i^ ^f^.i. ^[IR/i- 

; * n o *j'itc x v ) ft * 3> ^i ; - , "jffg 

[ 0 0 3 8] 

-r . p p mftut ^^a^^^ri'^.m-r 2. ^ ^ if, 

3) t-^[^]iWt*} 'M^ffiC J: <9. ^Kbf^C^^A:^^^ 

[ i <i 1 ] i^mr.x hm^^m ^^eo -x^'^j 
3 

3 iK 

10 .1 b \'mx-K&v\&ni&m. 

5 K€HJk ± 

7 ^nt^ 

8 ^ ; - ' 1 • • - 

9 '^'^ 

1 0 ftSfl.TrUfc 

1 3 ifC<t*^ 

1 3 »; ( f^;-:;v 



1 5 f.rti : 



1 6 /T? 

1 8 '<\ 



10 



1 9 vil^uf; 

2 \ ^ -f ^ — 



21 



9-- 




13 



. 14 



10- 



'Ll 



rzzzzi 



-11- 



-CI 



J5 



16 



[L«J2l 



12 13 



8 

9 ^ 



6o 5 ^* 







i — ai 8 - 



16 



M9 



